Objective: The objective of this paper is to estimate the cost-effectiveness of CYP-2D6 metabolic genetic testing when choosing between two selective serotonin uptake inhibitors using a decision analysis model.
Introduction
Depression is common and expensive in terms of disease burden and treatment costs in the United States. More specifically, lifetime prevalence estimates for major depression vary between 13% to 16% [1, 2] and estimated total costs associated with depression were $210.5 billion in 2010 (45% direct costs, 5% suiciderelated costs, and 50% to workplace costs) [3] . Efficacious antidepressant agents are available in multiple drug classes [4] [5] [6] . The American Psychiatric Association (APA) guidelines encourage physicians to consider adverse effects, safety and tolerability, patient preference, results of clinical trials, and costs when prescribing an antidepressant [7] . Currently, genetic testing to determine metabolic genotypes is not widely utilized but it does provide an avenue to personalize pharmacotherapy decisions for depression.
One of the primary predictors of antidepressant non-response is antidepressant non-adherence, [8] [9] [10] and the primary predictor of antidepressant non-adherence is Adverse Drug Reactions (ADRs) [9] . ADRs can result from genetic and non-genetic factors (e.g. age, drug and dietary interactions) [11, 12] . One of the most anticipated benefits of pharmacogenetics is the reduction in the incidence of ADRs. In vitro diagnostic tests may be useful in identifying persons who are more likely to have ADRs from particular drugs because of genetic variations in the enzymes that metabolize drugs [13] . Even small reductions in the rate of ADRs DOI: 10.29011/2574-7762. 000023 Citation: Painter JT, Martin BC, Li C, Bodhani A, Pyne JM (2017) Genetic Testing for CYP-2D6 Polymorphism Prior to Selective Serotonin Reuptake Inhibitor Prescribing: Results from a Decision Analysis Model. J Psychiatry Cogn Behav: JPCB-123.
could improve health outcomes and reduce health care costs [14] .
Despite excitement over the prospect of precision medicine in psychiatry, the evidence base for when to use genetic testing to guide antidepressant medication selection and dosing decisions is under-developed [15] [16] [17] [18] [19] [20] [21] . The challenges unique to the treatment of psychiatric disorders have made decisions around implementing these types of tests difficult [22] [23] [24] . Yet, interest in genetic testing to inform prescribing of antidepressants remains [25] . For example, genetic testing for Cytochrome P450 (CYP) polymorphisms, which metabolize Selective Serotonin Reuptake Inhibitors (SSRIs) and other antidepressants, [26] may allow for better initial treatment recommendations. Many questions remain about the utility and specifically the cost-effectiveness of utilizing this technology [15, 19] . While the cost of genetic testing is expensive, it is decreasing; [27] still, it is unclear at what price testing becomes cost-effective.
The objective of this paper is to estimate the cost-effectiveness of metabolic genetic testing to identify CYP-2D6 polymorphisms using a decision analysis model. This study examines one specific clinical situation, in which a practitioner is deciding between two treatment strategies for the treatment of depression in patients previously unexposed to antidepressant pharmacotherapy. The model compares the costs and effects for genetic testing versus no testing prior to initiating either citalopram or paroxetine. Sensitivity analyses take into account a range of probabilities for CYP-2D6 polymorphisms, side effects, adherence, outcomes, and genetic testing cost.
Methods
A decision analysis model was developed to estimate the cost-effectiveness of genetic testing prior to initiation of either citalopram or paroxetine for the treatment of depression in patients who were previously unexposed to antidepressant pharmacotherapy. The model was constructed from the payer's perspective with cost estimates derived from a large, nationally representative (US), employer-sponsored, managed-care database. The model considers the impact of treatment-related ADRs, medication adherence, and treatment outcomes. To develop the model, a literature review identified existing cost-effectiveness models that to explore the cost-effectiveness of pharmacologic treatments for depression. Based on the available literature, the decision model published by Sullivan, et al. [28] (henceforth 'Sullivan') was selected because it included the most detailed summary of antidepressant treatment ADRs, adherence, and treatment outcomes [28] [29] [30] [31] . The decision analysis model for the current study replicated and validated Sullivan using Tree Age Pro [32] . Changes were made to update and adapt the Sullivan Model to current practice; these changes are noted in the following sections.
Pharmacogenetic Model
While Sullivan included the eight most commonly prescribed serotonin reuptake inhibitors, including SSRIs and serotonin norepinephrine reuptake inhibitors, [7] the current study focuses exclusively on citalopram and paroxetine because of their high rates of use, differing (and known) metabolic profiles, and generic availability. A sample of the resulting model can be seen in Figure 1 . Moving from left to right, the order of the model was assignment to wither citalopram or paroxetine, treatment response, ADR, response to ADR, and treatment outcome.
Three treatment strategies were modeled: (1) initiate treatment with paroxetine, (2) initiate treatment with citalopram, and (3) conduct a genetic test for CYP-2D6 polymorphisms where fast metabolizers are prescribed paroxetine and slow metabolizers are prescribed citalopram. Successful therapeutic response was defined as the combination of (1) a reduction of 50% in baseline Montgomery-Asberg Depression Rating Scale (MADRS) score [33] by week 8 and (2) completion of 180-day course of SSRI therapy as outlined by the APA guidelines [34] . Efficacy of citalopram and paroxetine was assumed to be 60% based on previous literature [35, 36] . 
Time Horizon
The model used an overall time horizon of six months to incorporate all costs and utilities, which is consistent with previous economic analyses [30, 37] . The time horizon for drug stoppage because of therapeutic failure or ADR occurrence was three months, based on a retrospective analysis of managed care claims that suggested average stoppage of SSRIs occurs at three months [37] . The time horizon for ADRs varied from three to six months depending on possible treatment response and ADRs.
ADR Incidence Rates
A literature search did not identify head-to-head clinical trials to compare ADRs across all serotonin reuptake inhibitors.
Thus, the differential ADR rates described by Sullivan assessing the placebo-corrected incidence of ADRs from the FDA approved labeling for the SSRIs were used. Sullivan varied incidence estimates of all ADRs by ± 25% in a Bayesian second-order Probabilistic Sensitivity Analysis (PSA). The influence of these estimates was reviewed in both univariate and multivariate likelihood threshold analyses.
For the base-case estimates, ADR incidence data from all placebo-controlled clinical trials included in the FDA approved labeling of each SSRI was pooled. Because SSRIs are used for a variety of indications and there is substantial overlap, all available trials across all indications comparing an individual SSRI with placebo were used to derive a measure of the relative incidence of ADRs. This was accomplished by calculating a sample size weighted average ADR incidence for each SSRI-placebo pair. The incidence of each ADR was then converted to number of ADRs per 100 patients. The total number of ADRs was placebo-corrected by subtracting the total expected ADRs in the placebo group from that of the drug to derive the number attributable to each SSRI.
Next, the placebo-corrected ADR incidence rate for each SSRI was compared with the average across all serotonin reuptake inhibitors to estimate the relative percent of ADRs attributable to each drug. The average probability of developing a treatmentemergent ADR requiring a physician visit while on SSRI therapy was determined by multiplying the relative, placebo-corrected percentage of ADRs for each agent by 41% i.e., percentage of patients experiencing at least one SSRI related ADR [38] . The model also estimated treatment options for SSRI-related ADRs and respective probabilities for switching to a new drug. In the current model, the experience of ADRs was moved ahead of treatment response in order to be more consistent with the clinical course of antidepressant treatment.
Metabolic Levels
Persons were categorized into two levels of metabolism for the 2D6 enzyme (poor/intermediate, extensive/ultra-rapid). Relative risk of ADRs between poor/intermediate and extensive/ultrarapid metabolizers of paroxetine was calculated from Table 2 of Murphy et al. (2003) [39]. The matrix of probabilities for each of the polymorphism combinations was based on results from the STAR*D depression treatment trial [40] . The matrix includes antidepressant options for each cell to maximize tolerability using the results of genetic testing. Key model inputs are found in Table 2 .
Costs and Utility
Direct medical costs included the drug cost of the SSRI, the costs of medical office visits, costs of treatment failure, costs attributable to SSRI-related ADRs. All costs were taken from sources similar to those available to Sullivan and inflated to 2016 dollars using the medical component of the Consumer Price Index. As in Sullivan, costs attributable to SSRI-related-ADRs included costs of additional medical office visits and drugs to treat ADRs as well as costs of treatment failure for patients who discontinued treatment. Patients were classified as treatment resistant or treatment failure if: (1) they switched to another agent two or more times because of ADRs; (2) they discontinued treatment because of ADRs; (3) they switched to another agent two or more times because of nonresponse; or (4) they did not respond to the initial SSRI. Monthly drug costs for SSRIs and for treating SSRI-related ADRs were based on the Federal Upper Limit amount for each drug listed in 2010. Medical office visits were based on 2011 average reimbursement rates for physician by the Center for Medicare and Medicaid Services. All outcomes are reported in quality-adjusted life years QALYs from the literature based on level of treatment response [41, 42] . The cost of conducting genetic testing for CYP-2D6 was estimated to be $98.77 per patient [43] .
In addition to examining direct costs, Sullivan incorporated the impact of ADRs on the effectiveness of treatment using QALYs [44] . Utility values for each health state were derived from a direct analysis of the 2000 Medical Expenditure Panel Survey (MEPS). MEPS is a nationally representative survey of the civilian non-institutionalized US population and is available at www.meps. ahrq.gov/mepsweb/ [45, 46] .
Sensitivity Analysis
All probability, cost, and utility parameters were assumed to be stochastic. Specific probability distributions were chosen to reflect reasonable values for probabilities, ADR incident rates, costs and utilities. Probabilities, incidence rates, and utilities were assumed to follow beta-distributions; costs were assumed to be normally distributed; utilization measures were assumed to be gamma distributed. Relative risk of ADRs between poor/intermediate and extensive/ultra-rapid metabolizers of paroxetine were assumed to be log-normal distributions [47] . Base-case placebo response rate (as a proportion) was derived from a review study by Walsh et al [48] and was assumed to have a normal distribution. In order to construct a range, the base-case value was varied to incorporate the uncertainty surrounding these estimates as in Sullivan. All cost values were varied ± 25% in the PSA. Simulation of 10,000 subjects were used to assess the variability of costs and effects over the stochastic parameters in the model. Additionally, a series of one-way sensitivity analyses of variables important to clinical or policy decision making were conducted.
Results
The base-case results are presented in Table 1 and base-case The one-way sensitivity analyses suggest circumstances in which genetic testing for CYP polymorphisms may be a cost-effective strategy. Assuming a $50,000 per QALY cost-effectiveness threshold, the gene chip arm is preferred only when the monthly cost of citalopram is above $98. No other analyses within the sensitivity ranges of the identified variables contained conditions where the gene chip was preferred.
Discussion
The choice of citalopram without genetic testing is the dominant strategy over a wide range of conditions. This finding is largely because of citalopram having a price comparable to that of paroxetine, and having lower ADR rates than paroxetine. Therefore, initiating citalopram is the preferred treatment strategy over genetic testing or initiating treatment with paroxetine. The base-case provides a straightforward example of a clinical situation where genetic testing is not an efficient use of resources, the important. The important takeaway for clinicians is the robustness of these findings. Wide variation of the costs of either medication or the cost of the genetic testing does not affect the preferred choice of treatment.
While the findings are not applicable outside the bounds of these assumptions, this study highlights the need for careful consideration before implementation of genetic testing in any given clinical situation. Moreover, this methodology could be applied to new antidepressant medications coming on the market. For example, if new and more expensive (i.e., $98 or more per month) antidepressant medications with low ADR rates become available, genetic testing may allow clinicians to steer patients towards less expensive generically available antidepressant medications if patients are not slow metabolizers.
Limitations
There are limitations associated with this model. The evidence linking ADR rates of paroxetine or other SSRIs to CYP-2D6 polymorphisms is not well established and this model does not extend to other CYP polymorphisms. This modeling strategy did not incorporate all SSRIs as possible comparators; however, it is unlikely that including other treatment options would yield different conclusions regarding genetic testing given that all have similar rates of effectiveness when used as first-line treatment and all have similar costs.
Conclusions
Genetic medicine holds great promise for personalizing treatment and improving outcomes. The citalopram versus paroxetine decision model presented here demonstrated no cost or effectiveness advantage for using CYP-2D6 genetic testing. Decision analysis models provide an opportunity to estimate the cost-effectiveness of genetic testing across a wide variety of scenarios.
